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1. Introduction 

The study of approximation properties for the Szasz type operators on [0, -|-oo) was well 
established in m and then generalized in various ways, see e.g. [2]. Also, very recently, 
approximation properties for several real operators including the Szasz-Durrmeyer operators are 
presented in the book |18] . In order to approximate integrable functions on the positive real axis, 
in |19] it was proposed the modihcations of the Baskakov operators with the weights of Szasz basis 
functions under the integral sign. These operators reproduce only constant functions. Ten years 
later in [3] it was proposed yet another sequence of the Baskakov-Szasz-Durrmeyer operators 
which preserve constant as well as linear functions. Also, generalizations of the Durrmeyer 
polynomials were studied in e.g. [T]. 

In the complex domain, the overconvergence phenomenon holds, that is the extension of ap¬ 
proximation properties from real domain to complex domain. In this context, the first qualitative 
kind results were obtained in the papers 0 , m, [3i]. Then, in the books m, 0 quantitative 
approximation results are presented for several type of approximation operators. For Szasz- 
Mirakjan operator and its Stancu variant in complex domain, we refer the readers to 

and m- Also for complex Bernstein-Durrmeyer operators, several papers 
are available in the literature (see e.g. [TO] . m, [13], di, m, m, m, m, ishi), for complex 
Szasz-Durrmeyer operators see m, while for complex g-Balasz-Szabados operators see |22j . 

In the present paper, we study the rate of approximation of analytic functions in a disk 
Br = { 2 ; € C; I^I < R}, i.e. f{z) = , of exponential growth, and the Voronovskaja 

type result, for a natural derivation from the complex operator Ln{f){z) introduced in the case 
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of real variable in [3], and formally defined as operator of complex variable by 

OO 

(1.1) Ln{f){z) := n'^bn,v{z) Sn,v-l{t)f{t)dt + {l + z)~'^f{ 0 ),zeC, 

v=l -^0 


where 


bn,k{z) = 


n + k — 1 

k ) {l + zY+’^' 


Sn,kit') — 6 


-nt {ntf 


k\ 


An important relationship used for the quantitative results in approximation of an analytic 
function / by the complex operator Ln{f) would be Ln{f){z) = Yll^=o^kLn{&k){z), but which 
requires some additional hypothesis on / (because the definition of Ln{f){z) involves the values 
of / on [0, +oo) too) and implies restrictions on the domain of convergence. This situation can 
naturally be avoided, by defining directly the approximation complex operator 

CXD 

Kif)iz) = ^niek){z), 

k =0 

whose definition evidently that omits the values of / outside of its disk of analyticity. 

In this paper we deal with the approximation properties of the complex operator L* (/)(z). 

It is worth noting here that if instead of the above defined Ln{f){z) we consider any other 
Szasz-type or Baskakov-type complex operator, then for L*(/)(z) defined as above, all the 
quantitative estimates in e.g. 0, 0, [9], m, [E], m, m, m, m hold true identically, 
without to need the additional hypothesis on the values of / on [0, oo) imposed there. 

Everywhere in the paper we denote \\f\\r = Riax{|/(z)|; \z\ < r}. 


2. Auxiliary Result 
In the sequel, we need the following lemma : 

Lemma 1. Denoting ek{z) = z^ and T^^kiz) = Ln{ek){z), we have the recurrence formula 

T 

-L n 


2 :(I -hz) , nz + k 

tn,A:+l('2) ^ ^n,k\D “b ^ Tn,k[^)- 


n 


n 


Also, Tn^k{z) is a polynomial of degree k. 

Proof. Using z(l -|- z)b'„^ ,,(z) = (u — nz)bn,u{z), we have 




n 


oo 

'^z{l + z)b'n,,{z) Sn,u-l{t)t^ dt 

y=l -^0 

oo ^oo 

n'^{u-nz)bn,uiz) Sn,u-l{t)t’"dt 

u=l -^0 


oo 


= n 


bn,,^iz) / [(u - I - nt) + {l + nt- nz)]sn,u-i{t)t’'dt 


U=1 

OO 


= n 


poo 

bn,u{z) / 
u=l -^0 


_i{t)t^^^dt 


-h(I - nz)Tn,kiz) + nTn,k+iiz) 

Thus integrating by parts the last integral, we get. 

z{l + z)T^f.{z) = -{k + l)Tn^k{z) + { 1 -nz)Tn,kiz)+ nTn^k+i{z) 
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which completes the proof of the recurrence relation. Taking above step by step = 1, 2, by 
mathematical induction we easily get that T^^kiz) is a polynomial of degree k. □ 

3. Main Results 

Our first main result is the following theorem for upper bound. 

Theorem 1. For f : C, 1 < R < +oo, analytic on B^j, i.e. f{z) = 

z € B/j, suppose that there exist M > 0 and A ; 1); wtth the property that \ck\ ^ Ad , for 
all = 0,1,..., (which implies \f{z)\ < for all z € 'Br). 

(i) If ^ ^ r < ^, then for all \z\ < r and n G N with n > r + 2, L* (/)( 2 ;) is well-defined and 
we have 

Cr,A,M 


\LUf)iz)-fiz)\< 


n 


where Cr,A,M = + 1) ' < oo! 

(ii) If 1 < r < ri < then for all \z\ < r and n,p € N with n > r + 2, we have 

IK(/)I"'>( 2 ) - /""Wl < 

n[ri — 

where Cr^,A,M is given as at the above point (i). 

Proof, (i) By using the recurrence relation of Lemma [H we have 

f . _z{l + z) , nz-dk 

n ’ n 

for all z G C, A: G {0,1, 2,....}, n & N. From this we immediately get the recurrence formula 
TnAz)-Z^ = ^-^^^^[Tn,k-l{z) - Z^-^]' ^ ^ ^ 


n 


n 


n 

for all z G C,k,n G N. Now for 1 < r < R, if we denote the norm-|| • ||r in C'(Br), where 
Br = {z G C : |z| < r}, then by a linear transformation, the Bernstein’s inequality in the closed 
unit disk becomes \Pl^{z)\ < ^||Ffc||r, for all \z\ < r, where Pk{z) is a polynomial of degree < k. 
Thus from the above recurrence relation, we get 

r(l + r) 


||^n,fc Ok\ 


\r < 


+ 


n 

(k-l) 


||^n,A:—1 Sfc—1| 


k-l nrk-l 

•- 1 -Un,fc -1 “ Ok-l\ 

r n 


n 


(2 + r)r' 


fc-i 


which, by using the notation /? = r + 2, implies 

(2 + r)(A:- 1)' 


11^ „ II ^ ^ . {‘I + r){k-l)\ 1,^ ^ II , 

||-^n,/c €/c||r ^ 1 ^ “1“ ^ I * 1 l||r H“ 


(fc-i) 


= 1 r + • r 


n 
fc-i 


(2 + r)r 


k-l 


n J n 

In what follows we prove by mathematical induction with respect to k that for n > p, this 
recurrence implies 

p ■ {k + 1)! j^_i 


||2^n,fc Ok\ 


r < 


■ r 


for all A: > 1. 


n 
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Indeed for A: = 1 it is trivial, as the left-hand side is zero. Suppose that it is valid for k, the 
above recurrence relation implies that 

nrr. n ^ f p-k\ p-(k + iy. u, p-k u 

\\Tn,k+l — Cfc+lllr < \ r -I • -r H- r . 


n 


n 


n 


It remains to prove that 


n / n 

or after simplifications, equivalently to 

p ■ k 




n 


n 


r -|- 


n 


for all /c G N and r > 1 . 
Since by n > p, we get 


r + 


p ■ k 


n 


■ {k + 1) \ + rk < {k + 2)1 ■ r, 


(k + 1)\ + rk < {r + k) ■ {k + 1)\ + rk, 


it is good enough if we prove that 

{r + k) ■ {k + I)! + rk < {k + 2)1 ■ r. 

But this last inequality is obviously valid for all A: > 1 (and fixed r > 1). 

In conclusion, the required estimate holds. 

Now, let us prove that L^{f){z) is well-defined for \z\ < r and n > r -|- 2. Indeed, we have 

OO OO 

\L*^{f ){z)\ < |Cfc| • \Ln{ek){z)\ = Y |Cfc| • \Tn,k{z)\ 


k=0 


k=0 


s V • E ^(\\Tn.k - - e.ir + < AfC- + Af g E. h+ + D' 

fc =0 fc =0 


n 


< Me^’’ + M(r + 2) ^(ylr)^(A + 1) < +oo. 

In conclusion, we get 


k=2 

M{r + 2) 


k=2 


rn 


E(* + 1)'M)‘ 


c, 


k=2 


r,A,M 

5 

n 


where Cr+^M = ■ YlV= 2 i^ + 1) ' < oo for all 1 < r < ^, taking into account that 

the series + l)u^ is uniformly convergent in any compact disk included in the open unit 

disk. 

(ii) Denote by 7 the circle of radius ri > r and center 0. For any \z\ < r and u G 7 , we have 
|u — zl > ri — r and by the Cauchy’s formula, for all \z\ < r and n> r + 2 \i follows 


IK(/)l''>(*')-/“WI = 


L’M){v) - f(v) 

{v - z)P+^ 


p\ 


CruA,M P'-n 
n (n — r)P+^ 


dv 


< 


Cri,A,M p! 27rri 
n 27r (ri — r)P+^ 
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which proves (ii) and the theorem. 

The following Voronovskaja type result holds. 


□ 


Theorem 2. For f : B/j C, 2 < R < +oo, analytic on Br, i.e. f{z) = , for all 

z € Br, suppose that there exist M > 0 and A , 1 ), with the property that \ck\ < for 

all /c = 0 , 1 ,...,. 

Ifl<r<r + 1<^ then for all \z\ < r and n G N with n > r + 2, we have 


L*M){z)-f{z)- 


z{z + 2) 


2n 


f'iz) 


< 


Cr,A,Mif) 




where Cr,A,Mif) = ^ J 2 T =2 V IMr + ■ ( (T3 ^ + t^) < oo and 

Bk,r = {k- lf{k - 2)r^ + 2{k - l)ik - 2){2k - 3)(r + 1) + (r + l)(r + 2)-{k + 1)!. 

Proof. By Theorem [H (i), L^{f){z) is well-defined, for all |z| < r, n > r -|- 2. We can write 


z{z + 2)f'{z) z{z + 2) 


2n 


2n 


'^Ckk{k - 1 ) 


- Ljz’^ ^ = 


k=2 


2n 


''^^Ckk{k — l){z + 2)z^ 


k=l 


Thus 


Kif)iz) - f{z) - 


z{z + 2 ) 


2n 


f'iz) 


OO 

k=l 


'ddn,ki.z) e/j(z) 


k{k — l){z + 2)z' 


k-1 


2n 


By Lemmadl for all n € N, z € C and /c = 0,1, 2,..., we have 


„ , , z(l + z) . nz + k ^ 

Tn,k+l{z) = T^ k{z) -\ Tn^k{z). 


n 


n 


If we denote 


Bk,niz') — Tn,kiz') efc(z) 


k{k — l){z + 2)z 
2n 


k-l 


then it is obvious that Ek^n{z) is a polynomial of degree less than or equal to k and by simple 
computation and the use of above recurrence relation, we are led to 


^ , , z{l + z) , , nz + k — 1 ^ 

Ek,n{z) = -;;- Ep._i .^{z) H-- Ek-l^n{z) + Xk^n{z), 


n 


n 


where 


,A :-2 


Xk,n{z) = —^ [{k - l)2(/c - 2)z^ 2{k -l){k- 2){2k - 3)z -b 2{k - l)(/c - 2){2k - 3)] 


2 n^ 

for all /c > 2 , n G N and \z\ < r. 


Using the estimate in the proof of Theorem [U we have 

{k + l)!(r + 2)r^~^ 


\Tn,k{^) - ^k{z)\ < 

for all /c > 1 , re > r -t- 2 , \z\ < r, with 1 < r. 

It follows 


re 


\Ek,n{^)\ < "-^^^\E'k_,^niz)\ + (r + \Ek-l,ni^)\ + \Xk,niz)\- 

re ’ \ 'o J 
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Now we shall find the estimation of ^{z)\ for k > 2. Taking into account the fact that 

Ek-i^niz) is a polynomial of degree < k — 1, we have 




< 


k-l 


||^n,A:—1(^) l(^)||rT 


{k - l){k - 2 )[ei + 2 ]efc _2 


2 n 


< 


k-l 


k\{r + 2)r^ z ^(k — l){k — 2){r + 2) 


n 
„k-2 


n 


< 


(r + 2 )r^ ^{k — l)(/c! + {k — l){k — 2 )) 


nr 


Thus, by the obvious inequality {k — 1)(A:! + {k — l){k — 2 )) < {k + 1)!, we get 


r(l + r) , / M ^ + 2) • (A: + l)!r^ ^ 

'\Ek-l,n\^)\ E - 


n 




and 


\Ek,n{z)\ < (^ + l)(^ + 2)-(fc + l)!r" ^ ^ . \Ek-l,ni^)\ + \Xk,niz)\, 




n 


for all \z\ < r,k > 2 and n > r + 2. 

For A: — 1 < n (i.e. k < n + 1) and \z\ < r, taking into account that r + (A — l)/n < r + 1, we 
get 


\Ek,ni^)\ < + + + + l)\Ek-l,ni^)\ + \Xk,niz)\, 




where 


„ fc -2 


\Xk,niz)\ < [{k - l)\k - 2y + 2(k - l)(k - 2)(2k - 3)r + 2 (A - 1 )(A - 2 )( 2 A - 3)] 

„k—2 

< i _ 4, 

— 9 -^k.ry 

for all l^l < r,k > l,n > r + 2, where 

Ak,r = {k- lf{k - 2)r2 + 2{k - l){k - 2){2k - 3)(r + 1). 

Thus for all \z\ < r,n > r + 2 and A < n + 1, 

k—2 

\Ek^n{z)\ < (r + l)\Ek-l,n{z)\ + ^-^Bk^r, 

where 

Bk,r = Xk^r + (r + l)(r + 2) • (A + 1)!. 

But Eo^niz) = Ei^niz) = 0, for any z G C and therefore by writing last inequality for 2 < A < 
n + 1 , we easily obtain step by step the following 

\k ^ 


(t + 1)^ 

\Ek,n{^)\ < 




k^j,r — 

i =2 


(A — l)(r + 1)^ 






It follows that 

L*M){z)-f{z)- 


z{z +2) 


2n 


fiz) 


n+1 oo 

< X] ■ \^k,n{z)\ + ^ |Cfc| • \Ek,n{z)\ 

k=2 k=n-\-2 
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\Ck\ 


k=2 


k=n+2 


\Tn,kiz) - ekiz)\ + 


k{k — l)(r + 2)r 
2 n 


k-l 


^ OO CXD 

< ^'^^\ck\{k — l){r + l)’^Bk,r + ^ 


Cfc 


k=2 


fc=n+2 


(r + 2) • (A: + 1)! ^ k{k — l){r + 2^^^ ^ 


n 


2n 




< 


k=2 


k=n+2 


n 




4f;|cfc|(fc-l)(r + l)"Sfc,, + ^E!:±^ ^ (fc + l)(Ar)" 
k=2 fc=n+2 

f; IcfcKfc - l)(r + • {Arr+^ f; (fc + l)(^r)"—2. 


fc =2 


fc=n+2 


But, denoting for simplicity p = Ar < 1, we easily obtain 


(Ar 


,n+2 


^ (A: + l)(^r)"—2 = P-+2 . Y,jf^ + in + 3)^pi 


= p^+^ 


k=n+2 

/ 


^ ■ IE ^) + (™+3) • 3 - 


= p 


,n+3 


j=0 i=0 


^ • (n + 3) ^ 


which leads to the estimate 


L*M){z)-fiz)- 


ziz + 2) , 


2n 


(1 - p )2 

fiz) 


1-p’ 


1 X. .k^ 2M(r + 2) 

^ ~2 E! kfc ~ l)(^ “I" 1 ) Bk r H-- 


k=2 
1 Ic 1 

k=2 


(^^)n+3 ^ _|_ 3 ^ 


4M(r+ 2) 


(1 - ^r )2 

1 


1 — Ar 


+ 


where we used the inequality 


pn+3 < pn+2 ^ pn ^ 


rn? lv?{l/{Ar)) {1 — ArY 1 — ’ 


for all n G N, 


ln?{l/{Ar)) n?' 

applied for p = < 1 and where for (r + 1)^ < 1, we obviously have the series ^ 2^=2 \^k\ik — 

l)(r + l^Bk^r convergent. 

Indeed, bye^ = l + x + ^ + ^ + ..., we get e* > for all x > 0. Then, by (l/p)"" = 
^nin{i/p) follows 4r > nJuAl/pl for all n G N, which immediately implies the above claimed 
inequality. □ 


The following exact order of approximation can be obtained. 

Theorem 3. Suppose that the hypothesis in Theorem\^hold. 

(i) If f is not a polynomial of degree < 1 then for all n > r + 2 we have 

WM)-ftr^-. 

n 

where the constants in the equivalence depend only on f, R, A and r. 
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(a) If 1 < r < ri < ri + 1 < 1/A and f is not a polynomial of degree < p — 1, {p > 1) then 

~ K for alln> r + 2, 

where the constants in the equivalence depend only on f, R, A, r, ri and p. 

Proof, (i) For all \z\ < r and n € N with n > r + 2, we can write 

1 


LUf)iz)-fiz) = 


n 


^i^±^fu^z) 


1 


n 


z{z + 2) 


+ --nU K{f){z) - f{z) - 


2n 


Applying the inequality 


||i" + G||, >|||F||,-||G||,|>||F||,-||G||„ 


we obtain 


ia:(/)-/ii,>- 


n 


ei(ei + 2 ) ^„ 


-- n 

n 


LUf)-f- 


ei(ei +2)f‘ 


2n 


Since / is not a polynomial of degree < 1, we get gi(ei+2) jn ^ q indeed, supposing the 

r 

contrary, it follows that 

-^——-^f''{z) = 0, for all \z\ < r. 


The last equality is equivalent to f{z) = Ciz + C 2 , with Ci,C 2 are constants, a contradiction 
with the hypothesis. Now by Theorem [2l we have 


n 




ei{ei + 2)f 


2n 


< Cr,A,M{f), 


for all n > r + 2. 

Thus, there exists uq > r + 2 (depending on / and r only) such that for all n > no, we have 


ei(ei + 2) ^„ 


1 2 

-- n 

n 


LUf) - / - 


ei(ei + 2)/" 


2n 


>\\\ei{ei + 2)f"\l, 


which implies that 


|A;(/)-/||r.>^||ei(ei + 2)/"||^, 


for all n> no. 

For r + 2 < n < no-1, we get \\Ll{f)-f\\r > with Mr,n{f) = n-\\L*^{f) - f\\r > 0 (since 

||L* (/) — /ll^ = 0 for a certain n is valid only for / a polynomial of degree < 1, contradicting 
the hypothesis on /). 

Therefore, hnally we have 


n 


for all n > r + 2, where 


no — l>n>r-\-2 


Crif) = min „(/),....,il4 ,„o_i(/),-||ei(ei+2)/' 


which combined with Theorem [H (i), proves the desired conclusion. 
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(ii) The upper estimate is exactly Theorem [H (ii), therefore it remains to prove the lower 
estimate. Denote by 7 the circle of radius ri > r and center 0 . For any \z\ < r and u G 7, we 
have \v — z\ > ri — r and by the Cauchy’s formula, for all \z\ < r and n > r + 2 it follows 




pi r K(f)(v) - /(p) 

{v - z)P+^ 


dv, 


where |u — z| > ri — r, for all u € 7. 
Since for u G 7 we get 


KifKv) - fiv) 


1 r v{v + 2) 


n 


fiv) + - 
n 


Ln{f)iv) - fiv) - 


vjv + 2)/^(u) 

2n 


replaced in the Cauchy’s formula implies 


^ ^ ^ ^ ^ n\27riL 2(u - 


+ 


1 p! fn^{Kif)iv)-fiv)-^-^^^^^) 


n 2 m 


{v - z)P+^ 


dv 


111 r „ i(p) 1 p! f ^ (^nif)iv) - fiv) - 

- • \ziz + 2 )f''iz)] + -.J^ / -^^ 

n I 2 L ^ V ;j n 2 m J (u - z)p+^ 


v{v+2)f"{v) 

2n 


dv 


Passing to the norm || • ||^, we obtain 


IIKU)]'”'-/'’■> II. 


> 


“ \ ~ 
n 1 2 


[ei(ei + 2 )f 


in (p) 


1 

r n 


p_ 

2tt 


! fn^ (r;(/)(..)-/w- "i°77i°> ) 


iv - z)P+^ 


dv 


where by Theorem [ 2 l for all n > r + 2 it follows 




< — ■ 


P. 

2tt 


p\ 2'iTriv? 


2tt Kp+^ 


< Cr,A,Mif) ■ 


L*nif)-f- 


iv - z)P+^ 

ei(ei + 2 )f" 


dv 


2 n 


ri 


piri 


(ri — r)P+^' 


Now, by hypothesis on / we have 
follows that ziz + 2)/"(z) is a po. 


> 0 . Indeed, supposing the contrary it 


[ei(ei + 2)r](^’) 

'lynomial of degree < p — 1, which by the analyticity of / 
obviously implies that / is a polynomial of degree < p — 1, a contradiction with the hypothesis. 

For the rest of the proof, reasoning exactly as in the proof of the above point (i), we imme¬ 
diately get the required conclusion. □ 







































10 


COMPLEX NEW OPERATORS 


References 

[1] Agratini, O. : A generalization of Durrmeyer-type polynomials and their approximation properties, in: 
Applications of Fibonacci numbers, Vol. 9, pp. 9-18, Kluwer Acad. Publ., Dordrecht(2004). 

[2] Agratini, O., Radu, C. : On g-Baskakov-Mastroianni operators. Rocky Mountain J. Math. 42(3), 773- 
790(2012). 

[3] Agrawal P.N., Mohammad, A.J. : On convergence of derivatives of a new sequence of linear positive 
operators. Revista Un. Mat. Argentina 44 (1), 43-52(2003). 

[4] Aydin, D.: On complex g-Szasz-Mirakjan operators. Commun. Fac. Sci. Univ. Ankara Ser. A1 Math. 
Stat. 61 (2), 51-66(2012). 

[5] Cetin, N., Ispir, N. : Approximation by complex modified Szasz-Mirakjan operators. Studia Sci. Math. 
Hungar. 50 (3), 355-372(2013). 

[6] Dressel, F.G., Gergen, J.J., Purcell, W.H. : Convergence of extended Bernstein polynomials in the 
complex plane. Pacihc J. Math. 13 (4), 1171-1180(1963). 

[7] Gal, S.G. : Approximation by Complex Bernstein and Convolution Type Operators. World Scientihc 
Publ. Co., Singapore, Hong Kong, London, New Jersey(2009). 

[8] Gal, S.G. : Overconvergence in Complex Approximation. Springer, New York(2013). 

[9] Gal, S.G. : Approximation and geometric properties of complex Favard-Szasz-Mirakjan operators in 
compact disks. Comput. Math. Appl. 56, 1121-1127(2008). 

[10] Gal, S.G. : Approximation by complex Bernstein-Durrmeyer polynomials with Jacobi weights in compact 
disks. Mathematica Balkanica (N.S.) 24 (1-2), 103-119(2010). 

[11] Gal, S.G. : Approximation by complex genuine Durrmeyer type polynomials in compact disks. Appl. 
Math. Comput. 217, 1913-1920(2010). 

[12] Gal, S.G. : Approximation of analytic functions without exponential growth conditions by complex 
Favard-Szsz-Mirakjan operators. Rend. Circ. Mat. Palermo 59(3), 367-376(2010). 

[13] Gal, S.G., Gupta, V. : Approximation by a Durrmeyer-type operator in compact disks. Annali 
deU’Universita di Ferrara 57 (2), 261-274(2011). 

[14] Gal, S.G., Gupta, V. : Quantitative estimates for a new complex Durrmeyer operator in compact disks. 
Appl. Math. Comput. 218 (6), 2944-2951(2011). 

[15] Gal, S.G., Gupta, V. : Approximation by complex Szasz-Durrmeyer operators in compact disks. Acta 
Math. Sci. Ser. B Engl. Ed. 34(4), 1157-1165(2014). 

]16] Gal, S.G., Gupta, V., Verma, D.K., Agrawal, P.N. : Approximation by complex Baskakov-Stancu opera¬ 
tors in compact disks. Rend. Circ. Mat. Palermo, 61(2), 153-165(2012). 

]17] Gal, S.G., Gupta, V., Mahmudov, N.I. : Approximation by a complex g-Durrmeyer type operator. Ann. 
Univ. Ferrara Sez. VII Sci. Mat. 58 (1), 65-87(2012). 

[18] Gupta, V., Agarwal, R.P. : Convergence Estimates in Approximation Theory. Springer, New York(2014). 

[19] Gupta, V., Srivastava, G.S. : Simultaneous approximation by Baskakov-Szasz type operators. Bull. 
Math.de la Soc. Sci. de Roumanie (N. S.) 37 (85) (3-4), 73-85(1993). 

[20] Gupta, V., Verma, D.K. : Approximation by complex Favard-Szasz-Mirakjan-Stancu operators in compact 
disks. Math. Sci. 6:25 (2012), Doi:10.1186/2251-7456-6-25. 

]21] Ispir, N. : Approximation by modified complex Szasz-Mirakjan operators. Azerb. J. Math. 3 (2), 95- 
107(2013). 

]22] Ispir, N., Yildiz Ozkan, E. : Approximation properties of complex g-Balazs-Szabados operators in compact 
disks. J. Inequal. Appl. 2013, 2013-361, 12 pp. 

]23] Mahmudov, N.I. : Approximation properties of complex g-Szasz-Mirakjan operators in compact disks. 
Comput. Math. Appl. 60 (6), 1784-1791(2010). 

[24] Mahmudov, N.I. : Convergence properties and iterations for q-Stancu polynomials in compact disks. 
Comput. Math. Appl. 59 (12), 3763-3769(2010). 

[25] Mahmudov, N.I. : Approximation by Bernstein-Durrmeyer-type operators in compact disks. Appl. Math. 
Lett. 24 (7), 1231-1238(2011). 

[26] Ostrovska, S. : g-Bernstein polynomials and their iterates. J. Approx. Theory 123 (2), 232-255(2003). 

[27] Ren, M.-Y., Zeng, X.-M., Zeng, L. : Approximation by complex Durrmeyer-Stancu type operators in 
compact disks. J. Inequal. Appl. (2013) 2013-442. 

[28] Ren, M.-Y., Zeng, X.-M. : Approximation by complex g-Bernstein-Schurer operators in compact disks. 
Georgian Math. J. 20 (2), 377-395(2013). 

[29] Sucu, S., Ibikli, E. : Approximation by Jakimovski-Leviatan type operators on a complex domain. Com¬ 
plex Anal. Oper. Theory 8 (1), 177-188(2014). 



COMPLEX NEW OPERATORS 


11 


[30] Szasz, O. : Generalizations of S. Bernstein’s polynomial to the infinite interval. J. Res. Nat. Bur. Stan¬ 
dards. 45, 239-245(1950). 

[31] Wood, B. : On a generalized Bernstein polynomial of Jakimovski and Leviatan. Math. Zeitschr. 106, 
170-174(1968). 

[32] Wright, E.M. : The Bernstein approximation polynomials in the complex plane. J. London Math. Soc. 5, 
265-269(1930). 



